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R&D Areas: C{Capture
$12MM $80MM

Pre-Combustion = Post-Combustion
Q Solvents Y - Q Solvents
Q Sorbents AL, Q Sorbents

U Membranes U Membranes

O Hybrid processes G V " Q Hybrid processes
U Water-gas shift reactor Uy Integration

e - Alvacstshl, |}

Capture Technology
Development

Process = Equipment
Equipment | Manufacturing
Design \ Method

Advanced Compression

U Intra-stage cooling

O Cryogenic pumping

U Supersonic shock
wave compression
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Carbon Capture Program Budget

Annual Funding [$MM]

90 - $921|v||v|
80 | [ |

m Post-Combustion

m Pre-Combustion

FY 12 FY 13 FY 14
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Cumulattive Number of Projects

Growth of the NETL Carbon Capture Program
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Capture Program: Active Portfolio Distribution

Program Area Key Technolog Numberof R&D Projects Total
TRL1 TRL2 TRL%# TRLS% TRL7
Solvents oS8R 9 |5 - | 17
PostCombustion| Sorbents B 9 2 - 14
Capture Membranes |l 4 5 1 - 10
Hybrid/Novel il 5 3 1 1 10
Solvents SR >- 3
PreCombustion | Sorbents D 1 1 - 4
Capture Membranes i 2 5 - - 7
Hybrid/Novel |l 3 - - - 3
Compression | Compression  ::iiinf - : 2 - 2
TRL Totals i 24 | 33 | 12 1 70
Need for fresh, transformational ideas X o
é(ZI-QSé Z‘FVGS{O[( é}QI'fS LJN\EBSO[,]é | LJLJN\EI-A
'L G2 wmH OFYRAREFGS Xma? LIt 286@MWLINE 3 NB
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Capture Technology Progress
Performance Improvement & Scale Up Drive Costs Down

@boratory/BenchScale / N\ / DemonstrationScala

- Simulated operating conditions Pilot-Scale Slipstream - Variable operating conditions
-Short duration tests - Real operating conditions - Extended duration
(hours/days) - Longer duration tests (typically years)
- Prootof-concept and (weeks/months) - Demonstrate integrated fuil
parametric testing - Lower risk scale; Minimal risk
- High risk - 5,000 to 100,000 scf per minute commercial application
-0.2 to 1,000 scf per minute - CQ Utilization/Storage
1.0 to 25 MWec¢> TRL: &¥ _
up to 0.5 MWe¢> TRL: 2 \ J Project(s)¢ 50 to 500 MWe
\ ¢ TRL: 7+ j

.

) ( — .

5 MW Oxycombustion Pilot

1 MW Solvent Pilot
(Alstom)

(Neumann)

e e ol
25 MW Solvent Heat Integration
(Southern Company)

Future
(>$100/Tonne) FENNNSNSF (~$60/Tonne) WS (<$40/Tonne)

7 N=TL



U.S. COCapture
Pilots/Demos through 2017

Major Demonstrations

Pre-Combustion

® Post Combustion
Oxy-Combustion

® Industrial

Carbon Capture Pilot Projects
Pre-Combustion

+Post Combustion
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Power Generation Penalty [%f Plant Output]

Performance Improvements in Capture R&D

40% -

35% -

30% -

25% -

20% -

15% -

10% -

5% -

0% -

Improvements Drive Down ¢€QOaptured Cost

Relative to
Supercritical PC Plant
w/o Capture (39.3%

HHYV efficiency)

\%4

— Energy Penalty Reduction$
5 Enable Cost Reductions

$100+/Tonne
(FOAK)

~ $60/Tonne
(NOAK)

< $40/Tonne
(NOAK)
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Tracking DOE Goals

Example: PosCombustion
Pathway, 29 Generation

$40/tonne V

Technology

This is for New Plants and assumes comparison to SCPC plant with
carbon capture ($60/tonne)

PostCombustion
Pathway

Oxycombustion
Pathway

IGCC Pathway V

Overall Goal: $60/tonne to $40/tonne ($20/tonne
reduction ) through R&D which will be completed by
2020 (i.e, through large-pilot-scale and ready for demo in
2020-2025 timeframe)

Carbon Capture

Check marks indicate info or data that we
have available, or boxes that are part of
the chartdés flow pattern.

Post Advanced

Combustion Compression
Capture ($/tonne)

($/tonne)

Milestone A
(metric: pilot
start-up, # of

test hours, etc.

Milestone B

Milestone C V

[ ]
[ ]
[ ]
Solvent Sorbent Membrane :
Pathway Pathway Pathway -
Supporting
projects

10

Crosscutting
Research

A-USC
Materials

($/tonne)

=TL






